Introduction {#Sec1}
============

The prevalence of cardiovascular disease (CVD) is increasing worldwide. One of the most important risk factors for CVD is hypertension, which affects more than one billion people throughout the world. The global prevalence of hypertension is projected to increase up to 1.5 billion by 2025 \[[@CR1]\]. A recent Italian survey reveals that, in the setting of general practice, the prevalence of diagnosed hypertension raised from 19.3% over 615,373 individuals reported in 2005 to 25.9% over 911,754 individuals reported in 2013 \[[@CR2]\]. Moreover, worldwide prevalence of obesity has nearly doubled in the past few decades and it is estimated that 592 million people will be living with diabetes mellitus by 2035 \[[@CR3], [@CR4]\]. Overweight and obesity are tightly associated with elevated BP and about 75% of essential hypertension cases have been estimated to be overweight/obesity-dependent \[[@CR5]\].

The search for key factors, linking excessive adiposity and glucose/lipid dysmetabolism with higher BP and CV risk, is attracting increasing attention. A possible integrated vision may lie in the central role of cardiac natriuretic peptides (NPs) and their system composed by two receptors, mediating opposite effects, and a neutralizing enzyme. It is a fundamental endocrine, autocrine and paracrine system which maintains CV homeostasis and health \[[@CR6]\]. These molecules have important roles not only in the regulation of BP, blood volume and sodium balance, but also in glucose and lipid metabolisms in adipose and muscle tissues \[[@CR7]\].

Our narrative review focuses on this topic, analyzing the associations between cardiac NPs, hypertension and metabolic-related CV risk.

Pathophysiology of Cardiac Natriuretic Peptides {#Sec2}
===============================================

The cardiac endocrine function was identified in the second half of the twentieth century. In 1984, Kangawa et al. described the structure of atrial natriuretic peptide (ANP) \[[@CR8]\]. In 1988, brain natriuretic peptide (BNP) was isolated from porcine brain and then was found to be synthesized and secreted by ventricular myocardium \[[@CR9]\]. In 1990 a third NP was isolated also from pig brain and called C-type natriuretic peptide (CNP) \[[@CR10]\].

In the following review, we will report and discuss mostly of ANP and BNP, collectively called "cardiac NPs", because they are real hormones produced by the heart with the ability to affect distant target tissues and organs \[[@CR11]\] (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Pathophysiology and clinical implications of cardiac natriuretic peptides system

Cardiac NPs are synthesized as precursor proteins and undergo intracellular modification to prohormones. Pro-ANP is stored in atrial granules and cleaved into the 98 aminoacid N-terminal fragment (NT-proANP) and the 28 aminoacid active hormone (ANP), on release into the circulation. Pro-BNP is synthesized and secreted in bursts, released from ventricular myocytes as a 76 aminoacid N-terminal fragment (NT-proBNP) and a 32 aminoacid active hormone (BNP) very similar to ANP. Gene expression of BNP can increase very rapidly in response to an appropriate stimulus, unlike ANP gene expression \[[@CR12]\].

Primary stimulus for the release of cardiac NPs is muscular wall stretch, resulting from increased intravascular volume and/or cardiac transmural pressure, in conditions of cardiac stress, such as heart failure (HF), even with preserved ejection fraction, myocardial infarction or cardiomyopathies \[[@CR13], [@CR14]\]. Although ANP concentrations are more closely related to left-atrial pressure and BNP to left-ventricular pressure and volume indices \[[@CR15]\], some overlap between sites of release exists. For instance, BNP is released in small amounts also from atrial tissue \[[@CR16]\], and ANP can be released from both atrial and ventricular tissues in large quantities, in patients with myocardial infarction or left ventricular dysfunction \[[@CR17]\].

In physiological conditions, cardiac and plasma BNP levels are much lower than ANP levels. In fact, ANP seems to have a more physiological action, influencing and controlling normal cardio-renal activities, while BNP seems to be produced mainly in response to a cardiac stress or pathological challenges \[[@CR18]\].

Three subtypes of NP receptors have been identified: NP receptor A (NPRA), B (NPRB) and C (NPRC). NPRA and NPRB are guanylyl cyclase (GC) coupled transmembrane receptors. The binding to the NPRA and NPRB induces the generation of the second messenger cyclic guanosine monophosphate (cGMP), which mediates most of the NPs biological effects \[[@CR19], [@CR20]\]. ANP and BNP bind selectively to NPRA, while CNP binds to NPRB. NPRC does not have GC activity, and it is mainly a clearance receptor for NPs, because it facilitates their internalization and degradation \[[@CR21]\]. NPs are also inactivated by a neutral endopeptidase called neprilysin, that is present on the surface of endothelial cells, smooth-muscle cells, cardiac myocytes, renal epithelium and fibroblasts \[[@CR22]\]. NPRC, assisted by neprilysin, is the most important negative modulator of circulating NPs levels and the main silencer of their biological effects at cellular level \[[@CR7]\]. Cellular and systemic effects of NPs depend on receptors distribution, ligand-affinity and NPRA to NPRC expression ratio (NPRA/NPRC) \[[@CR21], [@CR23]\]. NPRA is expressed mainly in vascular smooth muscle and endothelial cells, adipose tissue and kidneys, adrenal gland, liver and brain and to a lesser extent in the heart and skeletal muscle \[[@CR21]\]. NPRC is mainly expressed in adipose tissue and kidney and it is involved in degradation of all types of NPs, with highest affinity for ANP and lowest affinity for BNP \[[@CR24]\]. The lower affinity of NPRC for BNP is a major contributor of the longer plasma half-life of BNP, compared to ANP, in humans \[[@CR25]\]. It follows that the reported half-life of ANP is approximately 2 min in normal human subjects \[[@CR26]\], while the removal of BNP from human circulation recognizes short and long half-life components of 3.9 and 20.7 min, respectively \[[@CR25]\]. Regarding the comparison between BNP and NT-proBNP, two of the most useful biomarkers in clinical practice, the fact that the former has a half-life approximately six times shorter than the latter, led to hypothesize a way to convert BNP to NT-proBNP levels and vice versa, even though this has not yet been clinically verified \[[@CR27]\].

Cardiac NPs circulating levels may be affected also by gender. In fact, estradiol was found to enhance NPRA expression levels while stabilizing or reducing NPRC transcription levels in mice. Sex-dependent NPs regulation could contribute to the well-known gender differences in fat distribution and CV risk between women and men \[[@CR24]\].

ANP and BNP exhibit similar actions in all cell types studied, as shown in Table [1](#Tab1){ref-type="table"}. Unlike ANP and BNP, CNP is expressed mostly in central nervous system and vascular and peripheral tissues, rather than in the heart \[[@CR28]\]. It does not act as an endocrine hormone, but as a paracrine/autocrine factor in the vasculature, mainly as a vasodilator and inhibitor of vascular cell proliferation and also as a lipolytic factor in adipocytes as well as ANP and BNP \[[@CR29]\]. A different processing of pro-peptide from ANP gene leads to an ANP-variant called urodilatin, synthesized in renal tubule cells and isolated from urine, with a possible role in sodium and water homeostasis in kidney \[[@CR30]\].Table 1Principal roles of NPs in CV homeostasis and metabolism**ANPBNPMetabolic effects**- Increased lipolysis through HSL, Perilipin, ATGL\
- Increased browning of white adipocytes via UCP1, PGC1alpha\
- Decreased inflammatory cytokines and increased adiponectin\
- Type 2 Diabetes/Insulin resistance\
- Induced mitochondrial biogenesis (CYTO C)- Increased lipolysis through HSL, Perilipin, ATGL\
- Increased browning of white adipocytes via UCP1, PGC1alpha, irisin\
- Decreased inflammatory cytokines and increased adiponectin\
- Type 2 Diabetes/Insulin resistance\
- Induced adipocytes and muscle mitochondrial biogenesis (CYTO C) and lipid oxidation rate\
- Appetite/satiety (ghrelin)**Cardiovascular effects**- Increased renal perfusion, GFR and natriuresis\
- Arterial and venous dilation\
- RAAS inhibition\
- SNS inhibition\
- Vasopressin inhibition\
- Myocardial relaxation\
- Cardiac anti-fibrotic and anti-hypertrophic effects\
- Increased vascular permeability\
- Vascular anti-fibrotic and anti-hypertrophic effects\
- Anti-atherosclerotic properties- Increased renal perfusion, GFR and natriuresis\
- Arterial and venous dilation\
- RAAS inhibition\
- SNS inhibition\
- Vasopressin inhibition\
- Myocardial relaxation\
- Cardiac anti-fibrotic and anti-hypertrophic effects

During the last decade, NPs have been shown to exert also a variety of metabolic effects, as briefly reviewed below.

Cardiovascular and Metabolic Effects of Cardiac Natriuretic Peptides {#Sec3}
====================================================================

Cardiac NPs and Renin Angiotensin Aldosterone System {#Sec4}
----------------------------------------------------

Hypertension, excessive adiposity, especially intra-abdominal, and metabolic syndrome (MetS) are often coexisting conditions. The increased visceral adiposity is strongly associated with deranged metabolism of glucose and lipids, and increased BP \[[@CR7], [@CR31]\]. Two main antagonistic circulating regulatory systems may be associated with these conditions: cardiac NPs and renin angiotensin aldosterone system (RAAS). The head-to-head between NPs and RAAS appears of key value to understand the pathophysiology of obesity-related complications such as hypertension, insulin resistance and MetS \[[@CR7], [@CR32]\].

All RAAS components are increased in visceral adiposity \[[@CR33], [@CR34]\]. The abnormal RAAS regulation in obesity appears to be the result of an increased RAAS activity and a defective NPs activity. Indeed, NPs beneficial effects on CV system partially depend on their ability to antagonize RAAS at multiple levels \[[@CR35]\].

The sympathetic nervous system (SNS) is another over-activated system in obese patients, even when normotensives, and it is related to multiple pathophysiological processes including increasing BP, maybe as an attempt to increase energy expenditure through beta-receptor activation \[[@CR36]\]. It is at least conceivable that a reduced NPs activity may be the 'primum movens' of the increased/unsuppressed activity of RAAS and SNS.

Cardiac NPs, Lipolysis and Thermogenesis {#Sec5}
----------------------------------------

The relationship between NPs system and adipose tissue is very strong. Among human tissues, adipose tissue is the second largest expression site of NPRC after kidney. NPRA is also abundantly expressed in adipose tissue and the NPRA/NPRC expression ratio regulates the final biological NPs effects \[[@CR21]\].

In adipose tissue, both NPs system and RAAS affect cellular growth and metabolism. Angiotensinogen and angiotensin II, at least in some conditions, stimulate visceral adipocyte growth, differentiation through AT1-receptors and inhibition of lipolysis in adipocytes of normal-weight and obese subjects \[[@CR37]\]. On the other side, NPs inhibits adipocyte proliferation, through NPRA \[[@CR38]\] and stimulate also lipolysis leading to increased non esterified fatty acids (NEFA) circulating levels \[[@CR24]\]. The lipolytic properties of NPs were first described by Sengenès et al., who observed that ANP was the most potent activator of lipolysis, followed by BNP and CNP \[[@CR39]\]. Among others, the importance of NPs role in lipolysis was shown also by Bordicchia et al., who demonstrated that NPRC −/− mice are lean, possess smaller adipocytes and contain significantly increased amounts of lipolysis, UCP1 and other features of brown adipocytes \[[@CR40]\]. Protein kinase G activation by NPs promotes perilipin A and degradation of triglycerides mediated by hormone sensitive lipase. Thus, NPs induce higher free fatty acid availability as substrate for oxidation in tissues such as skeletal muscle, liver and brown adipose tissue, and at the same time enhance this process, by inducing mitochondrial biogenesis, oxygen consumption and thermogenesis \[[@CR40], [@CR41]\]. In fact, higher levels of circulating NEFA, produced by NP-mediated lipolysis, are carried by adipose fatty acid binding protein (FABP) to brown adipose tissue in order to increase energy dissipation through heat production \[[@CR42]\].

Another complex interaction exists between NPs and insulin, suggesting that NPs strongly affect not only lipid metabolism but also glucose metabolism. Insulin attenuates NPs-mediated lipolysis indirectly by reducing circulating NPs levels and enhancing NPRC expression in white adipose tissue in rodents and humans \[[@CR43], [@CR44]\]. A recent study have confirmed that high insulin levels, together with high glucose concentration (as in impaired glucose tolerance of MetS), induced NPRC overexpression in human adipocytes, blocking NP-mediated lipolysis and thermogenic pathway, and potentially contributing to lower energy dissipation, increase adiposity, insulin resistance and BP. In contrast, when insulin was not coupled with high glucose concentration, simulating fasting condition and suggesting a "nutritional signaling", NPRC gene expression was not induced \[[@CR32]\]. It is possible to speculate that the strong lipolytic effects of NPs are counterbalanced by insulin and insulin-mediated NPRC induction.

Calorie intake represents another important regulator of NPs receptors expression in adipocytes. Fasting is associated with a robust downregulation of NPRC expression in adipose tissue, while NPRA expression is not reduced or may even increase \[[@CR45]\]. The increased NPs activity, due to the diffuse NPRC downregulation in adipose tissue, may have a role in the "natriuresis of fasting" and in the decreased BP in fasting and very-low calorie diet. In obese hypertensive patients, the effect of ANP infusion on lipolysis was significantly emphasized after a very-low-calorie diet \[[@CR46]\]. Recent evidences showed an influence on dietary behavior and food intake by NPs. In human subjects, short-term BNP infusion suppressed hunger, maybe through the reduction of total and acetylated ghrelin concentrations \[[@CR47]\].

BNP is also positively correlated with adiponectin, an adipocyte-specific anti-inflammatory anti-atherosclerosis adipokine, involved in the chronic low-grade inflammation of MetS. In fact, NP infusion raises adiponectin plasma levels via NPRA in healthy adults and in patients with HF \[[@CR48]\]. Moreover, ANP inhibits the release of pro-inflammatory cytokines and chemokines from human adipocytes and adipose tissue macrophages \[[@CR24]\]. The mechanism could be beneficial because chronic, low-grade inflammation might contribute to obesity-associated insulin resistance and CVD.

Cardiac NPs and Energy Expenditure {#Sec6}
----------------------------------

NPs receptors are expressed also in skeletal muscle, where NPs increase oxidative capacity \[[@CR24]\]. In experimental models, they promote mitochondrial biogenesis and fatty acid oxidation with a protective action against skeletal muscle atrophy \[[@CR41]\]. Some authors support the idea that these favorable metabolic properties may help against the age-related changes in adipose tissue (increase in visceral fat with "whitening" of adipose tissue) \[[@CR49]\] as well as in skeletal muscle mass and quality, opposing sarcopenia \[[@CR50]\]. This large range of effects on adipose and skeletal muscle tissues suggests a possible role of NPs in mediating the health beneficial effects observed in response to exercise. In humans, plasma ANP and BNP levels increase after exercise \[[@CR51]\], together with higher expression of NPRA and decreased NPRC function in skeletal muscle \[[@CR24]\]. In obesity and MetS, NPs may improve lipid-induced insulin resistance, associated with hepatic and skeletal muscle lipid content, through increased mitochondriogenesis, stimulation of mitochondrial "respiration" and also uncoupling mitochondrial respiration and enhancing lipid oxidation in adipose tissue \[[@CR24]\]. In fact, in mice models by Miyashita et al., chronic overexpression of BNP led to increased muscle mitochondrial content, oxidative capacity, lipid oxidation and resistance to diet-induced obesity. On the contrary, NPRA knockout was associated with increased susceptibility to obesity and insulin resistance \[[@CR41]\]. Therefore, NPs are likely to combine the increased lipolysis/increased NEFA levels with a more efficient energetic metabolism in muscles through NEFA burning, resulting in improved cardiac and muscle metabolism with fewer metabolic complications \[[@CR7]\].

We believe that the summa of all these metabolic activities of cardiac NPs, together with their CV and sodium balance effects, may be very important in decreasing the overall CV risk.

Clinical Implications of Cardiac Natriuretic Peptides {#Sec7}
=====================================================

Cardiac NPs, Metabolic Syndrome and Type 2 Diabetes Mellitus {#Sec8}
------------------------------------------------------------

All the interactions between NPs, glucose and lipid metabolisms involving both adipose and skeletal muscle may have a relevant impact on the association between NPs and several CV risk factors. In clinical studies, higher NPs levels were associated with less obesity and MetS \[[@CR52]\] and a decreased risk of incident type 2 diabetes (DM2) \[[@CR53], [@CR54]\]. Studies of genetic variants in NPs precursor A (NPPA) and B (NPPB) suggest that mild elevations in NPs, also in physiological range, may protect against DM2 \[[@CR54], [@CR55]\]. This relationship has been observed principally in middle-aged cohorts, but it may be relevant also in the pathophysiology of DM2 in elderly, where important age-related changes, such as decline in skeletal muscle mass and quality, result in an increased peripheral insulin resistance (as discussed above) \[[@CR50], [@CR56]\]. The mechanisms behind the association between NPs and DM2 risk are not completely understood, but the central role of these cardiac hormones on metabolism and energy expenditure may explain, at least in part, the development of obesity and glucose dysmetabolism, leading to age-related insulin resistance and dysglycemia \[[@CR57]\]. The increased calorie intake, commonly found in patients with MetS and DM2, is associated with multiple consequences of the increased insulin secretion and glucose entry in adipocytes, such as the inhibition of NPs effects on adipose tissue (lipolysis, heat production and "browning" of white adipocytes). Numerous studies demonstrated an inverse relationship between circulating cardiac NPs levels and increased NPRC expression and bodyweight \[[@CR58], [@CR59]\]. Increased NPs levels, due to NPRC C(-55)A polymorphism, were found to be associated with lower prevalence of overweight, obesity, and abdominal adiposity \[[@CR60]\]. It is unclear why, even in the context of documented cardiac overload and increased NPs release from the heart, NT-proANP and NT-proBNP tend also to be reduced in obesity, leading us to speculate that the adipose tissue can be a site of clearance of NT-peptides through a NPRC-independent mechanism.

Cardiac NPs and Hypertension {#Sec9}
----------------------------

Cardiac NPs system appears to be a key candidate among potential factors involved in the pathogenesis of hypertension. Genome-wide association studies have found that the genes for BNP and NPRC are among the most relevant ones in essential hypertension, whereas none of the RAAS genes was identified as a contributor to the polygenicity of essential hypertension \[[@CR61]\]. Some evidences suggest that hypertension might be the result of a deficiency in biologically active NPs. Studies in genetically-modified animal models suggest a protective effect of NPs on cardiac and renal structure as well as function and survival \[[@CR62]\] Studies with genetic variants of NPs genes, resulting in higher plasmatic NPs concentrations, have reported lower BP and a reduced susceptibility to hypertension. Among others, the minor allele at rs5068 NPPA variant, associated to higher ANP levels, plays a fundamental protective role in hypertension risk, with a 15% reduction in odds of hypertension \[[@CR63], [@CR64]\]. Moreover, the same allele is also associated with lower BMI, lower prevalence of obesity, lower waist circumference and higher HDL cholesterol levels \[[@CR59], [@CR65]\]. These findings support the existence of a genetic predisposition to hypertension that is characterized by lower circulating levels and/or activities of cardiac NPs as well as tightly associated with metabolic traits. Cardiac NPs lower BP values through several mechanisms, as shown in Table [1](#Tab1){ref-type="table"}. All these mechanisms are also involved in the development of resistant hypertension and NPs could become a promising therapy in the treatment of resistant hypertension in near future \[[@CR30]\]. A lack of biologically-active cardiac hormones has been reported in hypertensives, suggesting a relative deficiency of their endogenous cardiorenal protective actions in this morbid condition, although BNP levels were found to increase at increasing stages of hypertension, probably in response to greater cardiac stress \[[@CR66]\]. Indeed, Macheret et al. found that, in a general population of 2082 adults, reduced levels of mature BNP1-32 in early stages of hypertension were accompanied by a lack of activation of its precursor, proBNP1-108. Moreover, they found that most NPs forms tend to decrease or are significantly decreased in early hypertension and then tend to increase only in late hypertension. These findings confirm the existence of a relative deficiency of such protective hormonal system, possibly due to an impaired release and/or to an elevated metabolism of the mature and biologically active forms of these cardiac hormones \[[@CR67]\]. In any case, dual inhibition of angiotensin II receptor and neprilysin, by increasing circulating NPs levels, led to a greater BP reduction, compared to angiotensin II receptor blockade alone \[[@CR68]\].

It is important to remember that there is a continuous resetting between the highly variable cardiac secretion of ANP and BNP and their peripheral clearance, making extremely difficult to extrapolate all this from steady-state levels of circulating NPs. In a mouse model lacking NPRC gene, circulating ANP levels were not increased but their half-life and biological effects were significantly increased, indicating a resetting of cardiac secretion (reduction) in the context of increased biological activities of NPs \[[@CR69]\].

Cardiac NPs system appears also to have a role in protecting the heart against hypertrophy \[[@CR70]--[@CR72]\]. Rubattu et al. showed that an ANP gene promoter variant, responsible for a significant down-regulation of ANP gene transcription, together with NPRA gene molecular variants, responsible for a reduced NPRA activity, were associated with LVH in essential hypertension, independently from BP levels, anthropometric and clinical factors \[[@CR70]\]. ANP circulating levels and activity also depend on corin levels, the pro-ANP activating enzyme in the heart. Moreover, recently it was found that corin activation is mediated by proprotein convertase subtilisin/kexin 6 (PCSK6), a protease of the PCSK family. The contribution of PCSK6 to the development of human hypertension and its sequelae is still unclear, but it may become a reasonable target to modulate ANP levels \[[@CR73]\].

On the other hand, cohort studies have proved that plasma ANP levels are increased in essential hypertensives with LVH \[[@CR74]\]. However, these elevated ANP levels in pathological conditions may represent a protective and compensatory response to cardiac wall stress. Another pathological condition associated with increased NPs levels is renovascular hypertension. In fact, the well-known increase in plasma renin activity, which causes the increase in BP, is also accompanied by high plasma levels of ANP, that may attenuate the up-regulation of renin synthesis and release, and may thereby buffer renin-dependent hypertension \[[@CR75]\].

In short, it seems that higher cardiac NPs levels in physiological conditions may be protective against CVD, acting also against obesity and glucose/lipid dysmetabolism, while high/very high levels in pathological conditions may represent the impact of such conditions on the CV system, which attempts to counteract them by releasing its own cardiac hormones.

Cardiac NPs in CV Risk Assessment {#Sec10}
---------------------------------

Heart diseases, stroke and chronic kidney diseases are all related to high BP and a cluster of metabolic factors such as insulin resistance, obesity-associated dyslipidemia and DM2 \[[@CR36]\]. Cardiac NPs or their NTpro-peptides are widely applied as CV biomarkers in epidemiological studies as well as in the clinical routine setting \[[@CR76]\]. In common clinical practice, NTpro-BNP and BNP tests are recommended by guidelines for diagnosis, prognosis and guided therapy of HF, and also for risk stratification in patients with acute coronary syndromes \[[@CR77], [@CR78]\]. They have a diagnostic and prognostic relevance not only in adult patients, but also in elderly and very elderly populations \[[@CR79]\]. In presence of HF, both NT-proBNP and BNP levels are increased. NT-proBNP is not a substrate for neprilysin and remains an accurate marker of HF even in the setting of neprilysin inhibition. On the contrary, BNP levels tend to increase under neprilysin inhibition and then it is not useful to evaluate prognosis of HF patients treated with neprilysin inhibitor \[[@CR80]\].

Several studies showed an important role of NPs also in the global CV risk assessment, even in absence of known clinical HF \[[@CR81]\]. NT-proANP and NT-proBNP are well established markers of prevalent CVDs and helpful outcome predictors in patients with established CVD \[[@CR63]\] such as stable and unstable coronary artery disease \[[@CR82]--[@CR84]\]. In coronary artery disease, Barbato et al. showed a parallel increase in circulating NPs levels at increasing coronary stenosis, until reaching a plateau at the highest degree of vessel stenosis, regardless the underlying myocardial disease \[[@CR85]\].

Given the close relationship with CV hemodynamic and structure, NPs levels represent a very sensitive marker of CV risk also in general population \[[@CR86]--[@CR88]\], in which NT-proBNP appeared to be superior to BNP for predicting CV events \[[@CR89]\]. A recent meta-analysis on data from 95,617 participants without a known history of CVD, found that NT-proBNP strongly predicted first-onset HF, augmented risk for coronary heart disease and stroke, and CV deaths. Moreover, NT-proBNP concentration measurement improved the CV risk discrimination in addition to the classic CV risk factors (age, sex, smoking, systolic BP, history of diabetes), suggesting a possible role of NPs assays in the CV risk assessment in primary prevention \[[@CR81], [@CR90]\]. Similarly, in DM2 populations, NT-proBNP showed the higher hazard ratios for risk of major CV events during a follow up of 11 years, and the largest improvement in discriminatory power beyond the traditional risk factors, compared to other 22 novel biomarkers involved in several pathophysiological pathways \[[@CR91]\].

Therefore, in contrast with the notion that NT-proBNP concentration is predominantly a cardiac biomarker, it predicts also cerebrovascular events and poorer prognosis after them \[[@CR92]\]. Higher NPs levels showed a positive association with future risk of ischemic stroke, both in higher CV risk populations \[[@CR93]\] and in general populations \[[@CR94]\]. NT-proBNP levels may reflect adverse hemodynamic alterations due to ventricular dysfunction, while NT-proANP levels may better reflect vascular dysfunction \[[@CR84]\]. In fact, it is well documented that ANP affects proliferation, angiogenesis and contractility of the vascular wall cells as well as endothelial function maintenance \[[@CR95]--[@CR97]\]. Notably, it has been observed that physiological concentrations of ANP may promote endothelial cell regeneration after atherosclerotic damage and overexpression of ANP has also been evaluated as a possible treatment for intima lesion formation \[[@CR98], [@CR99]\].

Increased arterial stiffness and higher CV risk were found to be associated with lower diastolic BP levels in isolated systolic hypertension. Recently, an association between BNP levels and diastolic BP values was found. In fact, higher BNP levels were linked with lower diastolic BP. Therefore, NPs levels may be used even to individualize BP targets in relation to varying CV risk, thus assisting in stratification of individual clinical decisions and improving management of hypertensives at a greater CV risk \[[@CR100]\].

Cardiac NPs and Mortality {#Sec11}
-------------------------

The associations between cardiac NPs system and all the above-mentioned cardiometabolic aspects relate to serious clinical implications such as CV events and mortality. The association between NPs levels and mortality has been extensively evaluated \[[@CR86], [@CR101]\]. In the offspring study from the Framingham population, NPs levels significantly predicted mortality from CV causes in apparently healthy subjects \[[@CR101]\]. In a recent meta-analysis on 25,715 participants, elevated NT-proBNP levels appeared to be independently associated with increased risk for CV and all-cause mortality in the general population. Individuals in the highest NT-proBNP concentration significantly increased 3.77-fold CV mortality and 2.44-fold all-cause mortality, even after adjustment for the traditional CV risk factors. In this setting, authors stated that higher NT-proBNP levels might reflect the degree of systemic atherosclerosis and/or an unknown initial cardiac overload/stretch \[[@CR102]\]. NT-proBNP is strongly associated with all-cause mortality also in hypertensive population. Paget et al. have demonstrated that plasma NT-proBNP levels ≥133 pg/mL were associated with a threefold increase of the risk of death in comparison with levels \<50.8 pg/mL, even after adjustment for confounders. Moreover, NT-proBNP resulted to be a stronger prognostic marker than ECG and its dosage has been proposed as first test for the CV stratification instead of ECG \[[@CR103]\]. Predictive value of elevated BNP levels on mortality has been tested also in several clinical scenarios different from CVD, such as chronic obstructive pulmonary disease and end stage renal disease \[[@CR104]\]. These conditions are characterized by a low-grade chronic inflammation \[[@CR105]\] and often coexist with MetS and CVD \[[@CR106]\]. Given the beneficial role of NPs on energy expenditure and low-grade chronic inflammation, we think that lipid and glucose NPs-mediated metabolism may play a protective role also in these conditions.

Summary, Conclusion and Perspectives {#Sec12}
====================================

Despite considerable progress in Medicine, CVDs still represent the main cause of morbidity and mortality worldwide. In the last decades, the increased knowledge about cardiac NPs system has sharply clarified their important role in CVDs, linking glucose and lipid dysmetabolism with higher BP as well as CV events and mortality. In the next future, NPs may play a crucial role in the management of CVDs as diagnostic/prognostic biomarkers and, using tailored cardiac NPs, as possible therapeutic agents \[[@CR107]\]. It is very likely that a clearance receptor (NPRC)-blocking drug will improve both metabolic and CV disorders. The relevance of cardiac NPs in cardiometabolic diseases appears to increase year-by-year in clinical practice. The main obstacle in the correct interpretations of circulating NPs values is represented by the continuous resetting between ANP and BNP peripheral activities and cardiac secretion, both in physiological and pathological conditions. This requires the contemporary assessment of many cardiac parameters, including diastolic function and right heart parameters, as well as renal function together with cardiac NPs assays. Only in some HF patients, the massive NPs secretion appears to overcome the functional cardiac resetting, leading to important consequences including cardiac cachexia \[[@CR108]\]. Keeping in mind these practical limitations, the predictive role of cardiac NPs may also be useful to detect subclinical damage in asymptomatic individuals, thus improving CV risk stratification and prevention. The multiple effects exerted by NPs have raised the interest for the development of new therapies for the treatment of extremely frequent conditions such as hypertension and HF. Therefore, the development and administration of recombinant NPs first (Nesiritide, Carperitide and Ularitide) and then of designer NPs (Vasonatrin, Cenderitide, ANX042 and ZD100), as well as the recent clinical use of a new class of combination drugs, which inhibits both angiotensin II receptor and neprilysin activities (ARNI), led to encouraging results, in terms of efficacy and safety in different settings \[[@CR107]\]. It is important to remember that ARNI, by reducing NPs degradation and angiotensin II activity, is not only an innovative and landmarking drug in HF patients \[[@CR76], [@CR109]\], but it is also a potent antihypertensive agent \[[@CR110]\]. It is hoped that pandemic conditions, such as hypertension, obesity and MetS, could benefit from a NPs-based approach, both for diagnosis and for treatment, in the near future.
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